Strategy for control of epidemic of premature myocardial infarction and coronary heart disease An essential prerequisite for an effective effort to control mass disease is a sound strategy. This is one of the major lessons from the whole history of modern public health and preventive medicine. Without a correct strategy it is entirely possible that over the remaining decades of this century many expensive battles will be waged against the myocardial infarction and coronary heart disease epidemic without real progress, that is without significantly reducing morbidity and mortality. Sound strategy for the control of an epidemic must flow from a detailed, specific analysis of the nature of the disease. Here certain cardinal characteristics of the natural history of myocardial infarction and coronary heart disease must be given central attention. They are well illustrated by the experience of the several U.S. population cohorts whose IOyear findings were combined in the national co-operative Pooling Project ( Fig. i and 2 ) (Stamler, and free of coronary heart disease at entry, 50I experienced a myocardial infarction or sudden death attributable to coronary heart disease during the first io years of observation (Fig. 2 ). Of these incident events, I23 (24 6%) were sudden deaths, here defined as death occurring within three hours of observed onset of illness. An additional 42 deaths occurred later in the first acute attack, yielding a total of i65 fatalities -that is, 32-9 per cent of all first episodes terminated fatally.
As has been amply documented recently by several investigators, the majority of deaths from acute myocardial infarction occur so rapidly that time is not available to admit the acutely ill patient to a hospital and an intensive coronary care unit ( Fig. 3) (Stamler, I967; Fry, I968; Pantridge, I968; Moss, Wynar, and Goldstein, I969; Lown, Klein, and Hershberg, I969) . This fact accounts largely for the incapacity of coronary care units to achieve a sizable reduction in overall mortality from acute myocardial infarction. To this must be added the further problem that coronary care units thus far have not been able to cope successfully with the problem of pump failure as a major cause of death in acute myocardial infarction. For the foreseeable future all indications are~~~4 30-59 at entry, and free of coronary heart disease (Stamler, 1967; Moore, 1969; Doyle and Kinch, 1969 ; Kannel and Doyle, 1971 free of definite coronary heart disease and followed long-term without systematic intervention. People's Gas Company study, Chicago, I958-68 (Stamler, 1967 (Fig. 4) (Stamler, I967 Since treatment before illness is the essential strategy for success in the effort to control the coronary epidemic, this paper focuses on this matter and attempts to review the scientific foundations and experiences to date in this area.
,Scientific foundations for effort to achieve primary prevention of premature myocardial infarction and coronary heart disease The underlying disease process in most persons with premature myocardial infarction is severe atherosclerosis of the coronary arteries and its complications. The challenge to medicine and public health inherent in the myocardial infarct epidemic, therefore, is in essence that of preventing and controlling severe atherosclerosis and its complications.
Data have been accumulating for decades on the multiple factors involved in the aetiology of severe atherosclerosis and its sequelae, epidemic myocardial infarction and coronary heart disease. The accumulated findings constitute a firm foundation for rational efforts to prevent the disease. Overwhelming evidence on this matter is available from at least three types of epidemiological research: firstly, there are the repeated analyses making use of data from the U.N.O. Food and Agriculture Organization and World Health Organization. These investigations have consistently shown a close relation between habitual intake of saturated fats, cholesterol, and calories, and mortality from premature coronary heart disease. Differences are especially obvious between populations of highly developed and underdeveloped countries, but they are apparent even from analyses limited to economically advanced countries (Stamler, i967, I969a; Moriyama et al., 1971; Katz et al., I958) . (The international data yield other significant correlations as wellfor example, between per caput use of cigarettes and coronary heart disease mortality, between number of motor cars per ioo persons and coronary heart disease mortalitythe multiple aspects of life style in modern industrial society apparently combining to induce the epidemic of premature heart attacks.)
Clinical findings At a quadrennial
The conclusion concerning the key role of diet is further supported by a second set ofevidence, represented particularly by the findings of the International Atherosclerosis Project. This comprehensive study quantitated atherosclerosis of the aorta and coronary arteries at necropsy in over 31,000 persons aged Ii-69 dying during I960-65 in I5 cities throughout the world (McGill, I968) . This massive investigation reported geographic differences in extent and severity of atherosclerosis. Severity of atherosclerotic lesions was found to correlate particularly with population intake of animal fat (saturated fat and cholesterol) and with serum cholesterol level.
Thirdly, research findings on living population groups are consistent with these data from vital statistics and necropsy studies. Especially valuable results are now available from the International Cooperative Study on Cardiovascular Epidemiology, a long-term investigation of i8 population samples in seven countries: Finland, Greece, Italy, Japan, The Netherlands, United States, and Yugoslavia (Keys, 1970) . Approximately I2,000 men originally aged 40-59 have been under investigation for about a decade. On initial examination sizeable differences in prevalence of coronary heart disease were recorded among the population samples. Data on five year incidence and mortality rates from coronary Acute myocardial infarction -progress in primary prevetntion x49 heart disease parallel the prevalence data. Differences in coronary heart disease mortality rate were associated with sizeable differences in mortality rate from all causes. Prevalence, incidence, and mortality rates of these populations were highly and significantly correlated particularly with saturated fat intake and serum cholesterol level.
The (Stamler, I967, I969a) .
Although the evidence is not entirely airtight and consistent, there is reason to believe that lack of exercise -habitual inactivity at work and leisure -may be another important aspect of the modem mode of life increasing susceptibility to premature myocardial infarction. Finally, data are available showing that the psychocultural stresses and tensions of modem life in highly urbanized, competitive society, and their effects on personality and behaviour, may be playing an important contributory part in the causation of the myocardial infarction epidemic in the developed countries (Stamler, I967; Katz et al., I958 Of these 420 very high-risk men, 67 (50o% of the entire cohort) manifested all three risk factors. Their ten-year age-adjusted mortality rate from myocardial infarction was 63-4 per I,ooo, more than 20 times that of the lowrisk group. Their death rate from all causes was 22.59 per I,000, almost six times that of the low-risk group. The inference for prevention from the accumulated clinical, animal-experimental, and epidemiological findings is almost selfevident. Major possibilities exist for the prophylaxis of premature myocardial infarction and coronary heart disease through a long-term public health and preventive medicine endeavour, involving the entire population, aiming at the elimination of the harmfu living habits generating mass coronary proneness, particularly the harmful habits of 'rich' diet, cigarette smoking, and sedentary living. Furthermore, special possibilities exist for immediate successes in prevention by pinpointed, concentrated efforts to detect very high-risk young and middle-aged adults, and to institute effective long-term measures to alter the habits and traits contributing to their marked susceptibility (Stamler et al., I969a ; Inter-Society Commission on Heart Disease Resources, I970).
As noted, an impressive mass of inferential evidence supports these conclusions about primary prevention. One remaining important question is: What body of direct experience is there concerning the possibility and practicality of this prophylactic approach?
Research studies on primary prevention of myocardial infarction and coronary heart disease The first prospective data demonstrating relationships between coronary heart disease risk and such traits as hypercholesterolaemia and hypertension were presented in October, 1956 and published the following April (American Public Health Association, I957).
That report, together with the clinical, pathological, animal-experimental, and epidemiological data then available from other sources, undoubtedly was a key factor at that time stimulating four research groups to go beyond descriptive-analytical investigations to experimental studies -that is, field trials on primary prevention. The remainder of this paper reviews the findings in these 'first generation' studies, with emphasis on their long-term data on ability to achieve primary prevention (Jolliffe, Rinzler, and Stamler et al., i969b) . No summary of the results from the National Diet-Heart Study is included, since this investigation was a feasibility study with findings reported in detail; it yielded no data on the crucial issue of prevention of myocardial infarction and coronary heart disease (National Diet-Heart Study Research Group, I968). Similarly, no information is presented here on three longterm primary prevention trials currently in progress, since no data are as yet available from them on myocardial infarction and coronary heart disease morbidity and mortality. These are a diet modification trial in Minnesota mental hospitals, a cigarettesmoking control trial in British civil servants, and a co-operative trial of the lipid-lowering drug clofibrate proceeding in Edinburgh, Budapest and Prague (I. Frantz, personal communication, I970; G. Rose, personal communication, 1970; M. Oliver, personal communication, I970; Oliver, I970).
The New York Anti-Coronary Club study The New York Anti-Coronary Club study, initiated in I957, has enrolled 941 men in its experimental group. They were aged 40-59 at entry and met medical criteria for a primary prevention study -that is, they were free of clinical coronary heart disease (Jolliffe et al., I962; Rinzler, I968 The most recently published analysis of long-term effects on incidence of myocardial infarction and coronary heart disease, as of 30 November I967, indicated that of the 94I volunteers in the experimental group, 532 had become inactive (Rinzler, I968 (Rinzler, I968) . This incidence rate of the active experimental group was significantly lower than that of the control group. These data have recently been updated to September I969. Events of coronary heart disease and myocardial infarction in the three categories,active experimental,inactive experimental, and control, numbered 37, 42, and 5I, respectively, and incidence rates (age-adjusted to the control group) 6-8, 7-8, and I3-4 per I,ooo person-years ( Fig. 6) due to coronary heart disease, definite cerebral infarction, ruptured aneurysm, amputation, and a miscellaneous group of causes definitely attributable to underlying atherosclerotic disease. Comparison of control and experimental groups by life table analysis over the eight years of the study revealed a significantly lower cumulative incidence rate for all 'hard' endpoints for the experimental group men without pre-existing signs of atherosclerotic disease (Fig. 8) (Dayton et al., I969) . (In accordance with the focus of this presentation on primary prevention no effort is made here to review the positive findings of the Los Angeles study on men with evidence of atherosclerotic disease at entry.) With stratification by median age (65-5 years) and serum cholesterol level (233 mg./ioo ml.) at entry, respectively, the published data indicate that clearcut and significant differences between experimental and control groups were recorded for younger (rather than for older) men, and for men with higher (rather than with lower) serum cholesterol levels. The statistically significant differences in incidence of major atherosclerotic events could not be accounted for by any confounding variables, including cigarette smoking status (Dayton and Pearce, I970).
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The findings with respect to fatal atherosclerotic events paralleled those for overall incidence of 'hard' endpoints, but the p value was o0i5 -that is, higher than the conventional o0o5 level for statistical significance.
No data on total mortality are contained in the final report for the cohort of men free of evidence of atherosclerotic disease at entry. However, the published monograph does contain evidence consistent with the inference that total mortality rates were similar, and not lower in the men consuming the fatmodified diet, because of an excess of carcinoma deaths in the experimental group during the last years of the study. Fig. I3 and 14) . In addition to these criteria, a few men with severe hypercholesterolaemia, in the range 325 mg./ioo ml. or greater, were accepted based on this risk factor alone.
Unlike the three foregoing studies, dealing exclusively with diet, the Coronary Prevention Evaluation Programme undertook to assess combined nutritional-hygienic means for the correction of five coronary risk factors: hypercholesterolaemia, obesity, hypertension, cigarette smoking, and physical inactivity. The deliberate decision was made to intervene against all these, to test the general hypothesis that primary prevention of myocardial infarction and coronary heart disease in high-risk middle-aged men could be achieved by controlling several major coronary risk factors. A nutritional-hygienic approach was from the beginning the cornerstone of the effort, in keeping with the basic theoretical conclusion that the coronary heart disease epidemic is a result of socioeconomic evolution leading frequently to a pattern of faulty living habits that act synergistically to intensify risk. The hypothesis, then, was that the key to prevention must be the establishment and maintenance of sound living habits, leading to correction and control of coronary risk factors. In this context drugs were viewed only as adjuvant tools by and large, not of central and decisive importance for mass prevention of disease. Therefore the control of hypertension in the Coronary Preventive Evaluation Progranmme investigation was limited to nutri-FIG. 9 (A): nutrient composition of diet, Coronary Prevention Evaluation Programme cohort, before (control) and during (all diet data) participation in study. (B): percentage of total calories from major food sources before and during participation in study; data collected during early months in study by seven-day food record method (Stamler, 1967 (Fig. 9) . Changes in nutrient intake were accomplished by altering habits with regard to ingestion of all five major sources of saturated fat and cholesterol in the U.S. diet: meats, dairy products, commercial baked goods, eggs, and table and cooking fats (Fig. 9) . A systematic and sustained process of education and motivation was carried out for this purpose (Stamler, I967) .
During initial months in the study attention of participants and their wives was focused on the effort to change eating habits. Attention was turned only during subsequent months to correction of cigarette smoking and sedentary living habits, and the data suggest that the programme has been less successful in controlling these risk factors than those related to nutrition (see below).
Recruitment of middle-aged healthy male volunteers for this study was readily accomplished, principally through the co-operation of several industrial firms in Chicago. A key concern throughout has been the maintenance of maximal effective long-term participation. Of the 5I9 participants, I9I were cigarette smokers at entry. As already indicated, dropout rate was sizeable in this group (Fig. io) . Of the ii6 cigarette smokers at entry who were still active participants in the programme as of 3I March I970, only 43 (37.I%) met study criteria for effective cessation of cigarette smoking -no consumption of cigarettes for at least one year. Thus, as already noted, the relatively limited endeavours to cope with this (Fig. ii) Overall data on mortality are presented in Fig. I2 for seven years of follow-up. For the key endpoints, total mortality, coronary heart disease mortality, and sudden death, the seven year cumulative mortality rates indicate a trend in favour of the Coronary Prevention Evaluation participants, compared with the Pooling Project men. This is particularly true (Fig. 14) .
Secondly, io of the I3 men (76-9%) were cigarette smokers at entry, so that there was a disproportionately high percentage of cigarette smokers among decedents compared with the overall Coronary Prevention Evaluation Programme cohort (36-8%) ( Fig.  13 and 14) . This matter of comparability of the Coronary Prevention Evaluation Programme and Pooling Project cohorts is a critically important one for this study. While identical criteria were utilized for their acceptance into the two cohorts of 5I9 and 29I6 men, respectively, the possibility remains of disparate risks, based on detailed patterns of risk factor combinations (see Fig. 5 ). This is also a problem with respect to the two subgroups of Coronary Prevention Evaluation Programme men, nondropouts and dropouts. In fact, as long as the method of random assignment was not used in setting up these comparison groups, i.e. as long as they do not represent true experimental versus control groups in terms of optimal research design, this problem must be of the utmost concern.
Comparison of the total Pooling Project and Coronary Prevention Evaluation Programme cohorts of 29I6 and 5I9 men respectively re- (Fig. 13) . The
Pooling Project cohort had a far higher proportion of cigarette smokers than the total Coronary Prevention Evaluation Programme cohort. These Pooling Project men were predominatly cigarette smokers with one other risk factor only, whereas Coronary Prevention Evaluation Programme cigarette smokers were predominantly men with at least two or more other risk factors (Fig. 14) . For such combinations of cigarette smoking plus two or more other factors, the two studies were generally well matched. With respect to all combinations of three or more risk factors, the cohort of 519 Coronary Prevention Evaluation Programme men generally had sizeably higher proportions of such very high risk men compared with the Pooling Project cohort.
When the Coronary Prevention Evaluation
Programme continuing participants (377 nondropouts) were compared with the Pooling Acute myocardial infarction -progress in primary prevention I6I Fig. I3 and I4) . As already noted, prevalence rate of cigarette smoking was much higher in the dropouts than in the non-dropouts. Largely as a consequence of this phenomenon, the dropouts also showed higher prevalence rates for combinations of three, four, or five factors -that is, dropouts as a group tended to be higher risk at entry than non-dropouts.
These detailed data on comparability of groups and limitations therein, especially the differences in prevalence rates of cigarette smoking at entry, underscored the need for the additional data analyses presented in Tables 2 and 3 , stratifying the groups based on cigarette smoking experience (see Table i ).
For non-cigarette smokers all mortality rates were low, and no clear-cut differences are apparent between the Pooling Project and Coronary Prevention Evaluation Programme (Table 2) . While the trend of mortality from coronary heart disease and all causes favours the Coronary Prevention Evaluation Programme cohort, further assessment is needed based on longer follow-up -for example, the ten-year life table data. These findings will be forthcoming in the next years.
As to the cigarette smokers (Table 3) , mortality rates were much higher overall than for non-cigarette smokers. Total mortality rate for Coronary Prevention Evaluation Programme men smoking cigarettes at entry was slightly higher overall than this rate for Pooling Project men. Coronary heart disease mortality rate was the same for the two groups. Sudden death rate was lower for Coronary Prevention Evaluation Programme than for Pooling Project men. For the ii6 Coronary Prevention Evaluation Programme non-dropouts, both coronary heart disease and sudden death rates were lower than for the Pooling Project men, despite the fact that the former had a far higher proportion of very high risk men, men with cigarette smoking plus two or more other risk factors (see Fig. 14) . The coronary heart disease mortality rate for these Coronary Prevention Evaluation Programme men was only one-third that of the Pooling Project men, and they had had no sudden deaths. Moreover, of these men remaining active in Coronary Prevention Evaluation Programme, all the deaths occurred among the 73 who did not quit cigarettes. Of the five deaths among these 73 continuing participants who did not quit cigarettes 3 were cancer deaths, of liver, lung, and pancreas, respectively, occurring relatively early in the study (7, I8 and 3I months after entry, respectively) (Table i) .
No deaths from cardiovascular or neoplastic causes occurred among the 43 Coronary Prevention Evaluation Programme men who stopped smoking cigarettes (Table 3) . Obviously there is a problem here owing to the small size of groups. None the less, the data I62 Jerehmia Stanler certainly lend support to the concept that multifactor intervention to control several risk factors, including cigarette smoking as well as diet-dependent factors, is effective in preventing fatal myocardial infarction and coronary heart disease and in reducing mortality rate from all causes in highly coronaryprone middle-aged men. They are also consistent with the concept that low-saturated fat, low cholesterol, moderate calorie, and moderate polyunsaturated fat diets are without risk of excess morbidity and mortality from non-cardiovascular causes, specifically carcinomata (Dayton et al., I969) . These data further suggest that nutritional prophylactic measures may be of only limited value for very high risk cigarette smokers unless cessation of cigarette smoking is also accomplished as a key part of the multifactor prevention effort. Obviously all these inferences are tentative, since the mortality rates leading to them were based on a small group of men, randomization into experimental and control groups was not done, and the study remains to be completed.
Conclusion: perspective
All four 'first generation' studies on primary prevention of coronary heart disease -the New York Anti-Coronary Club, the Finnish mental hospital study, the Los Angeles Veterans Administration Domiciliary Center Study, and the Chicago Coronary Prevention Evaluation Programme -have presented findings indicating that change in living habits, particularly diet, and in the Chicago study cigarette smoking, is associated with decreased incidence or mortality, or both, from myocardial infarction and coronary heart disease. None of these studies was foolproof or perfect in design, methodology, or results. All were handicapped first and foremost by relatively small numbers, an unavoidable difficulty because of the small resources available when these investigations were undertaken in 1957-9. They had other problems as well -for example (for all but the Los Angeles study), that of proper randomly assigned control groups. Nevertheless, the similarities in findings are encouraging, and assume added significance in view of their consistency, as well as their agreement with expectation in terms of findings from clinical, pathological, animalexperimental, and descriptive epidemiological research. Certainly they cannot be dismissed or ignored.
Clearly 'second generation' trials are urgently needed, based on the earlier studies and learning from them. Several recent reports have emphasized the feasibility and necessity of proceeding with them (National Diet-Heart Study Research Group, I968; National Heart Institute, Diet-Heart Review Panel, i969; Stamler et al., I969c; White House Conference on Food, Nutrition and Health, 1970; Inter-Society Commission on Heart Disease Resources, I970). Several are being planned -and one or two are already in progress (I. Frantz, personal communication, I970; G. Rose, personal communication, I970; Oliver, 1970; Remington et al., 1969; S. Dayton and M. L. Pearce, personal communication, 1970 ; G. Tibblin, personal communication, I970). However, no results will be forthcoming from them for years.
Practitioners of preventive and therapeutic medicine cannot and should not 'sit on their hands' in the interim, especially in view of
